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basis of experimental results for that ore. Experiments on vari-
ables such as explored in this work on the Southern Rhodesia 
ore could lead to the determination of operating conditions for 
another pollucite ore. 
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Reactions of Thiolacids with As20s and As2S3 1 
LYMAN R. CASWELL 2 
Abstract. Thiolbenzoic acid in refluxing benzene reacts 
with As203 or As2S" to give arsenic (III) thiobenzoate. 
Under similar conditions dithiolterephthalic acid gives a 
product which appears to be As ( SOCC.H,COSH )a; thio-
lacetic acid gives acetyl su!Rde; and phthaloyl su!Rde is un-
reactive. 
In the course of a series of studies of the acylation of amines 
( 1) and of aromatic hydrocarbons by thiolacids, the hypothesis 
was suggested that an amphoteric sulfide, such as As2S3 , might 
act on thioladds to generaite an acylcarbonium ion and a complex 
thio-anion, such as thioarsenite. If such an ionization occurred, 
the amphoteric sulfide would act as a carrier in a Friedel-Crafts 
acylation of benzene by the thiolacid. 
·when the experiment was carried out using thiolbenzoic acid 
and yellow As2S3 in refluxing benzene, the product was not the 
predicated benzophenone, but a rose-pink compound containing 
sulfur, and melting, after purification, at 180-181°. This product 
appears to be identical with the "benzoyl thioarsenite'', As-
( SOCC6H5 )s, melting at 178-179°, obtained by Rayman (2) as 
the resuLt of the action of benzoyl chloride on As2S3 • 
1 Grateful acknowledgment is made fm the financial support of this work by the 
Petroleum Research Fund of the American Chemical Society and an Institutional Grant 
from The Texas 'Voman's University. 
2 Department of Chemistry, Texas Woman's University, Denton, Texas 76204. 
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The same compound was obtained in much better yield by 
using As203 in place of As2S3. However, the product obtained 
from As203 could not be purified to microanalytical purity. It 
probably contained some arsenic (III) benzoate, the solubility 
characteristics of which have been reported ( 3) to be very 
similar to those observed for As ( SOCC6H 5 ) 3 . 
Both chemical and physical evidence oppose the initial hypo-
thesis of acylcarbonium-ion formation. Although Rayman (1) re-
ported that As ( SOCC6H5) 3 will benzoylate aniline, the results 
of a repetition of the experiment did not recommend the pro-
cedure as a practical method for acylation of amines. An attempt 
to prepare ethy 1 benzoa:te from As ( SOCC6H 5 )s and ethanol 
gave no reaction. 
The solubility of As( SOCC6H5 ) 3 in ultraviolet-transparent 
solvents (water, cyclohexane, ethanol, dioxane, or acetornitrile) 
was too low to permit deitermination of the ultraviolet absorption 
spectrum. 
The infrared absorption spectrum of As ( SOCC6H 5 ) 3 in a 
KBr pellet showed strong bands at 6.17, 6.30, 6.35, 8.56, and 
15.56 µ, and very strong bands at 8.35, 11.0, 12.95, and 14.64 µ. 
The band at 6.17 µ may correspond to a medium band which 
appeared in the spectra of both As203 and As2S3 at 6.20 µ. 
There were no other points of similarity to the spectra of 
As203 and As2S3. The bands at 8.35 and 8.56 µ are within the 
range of the thiocarbonyl stretching vibration ( 4, 5), and the 
carbonyl group may be responsible for the doublet at 6.30-6.35 µ. 
The appearance of bands attributable to both carbonyl and 
thiocarbonyl is suggestive of thiobenzoate ion. This apparent 
ionic character can be reconciled with the covalent behavior of 
As ( SOCC6H 5 ) 3 by the assumption that there is also coordination 
bonding between the arsenic and the thiocaTboxylate ion.. 
On the basis of the observed properties of As ( SOCC6H 5 ) 3, it 
is suggested that the obvious name, arsenic (III) thiobenzoate, is 
preferable to the earlier 'benzoyl thioarsenite". 
The reactions of thiolacids other than thiolbenzoic with As20 3 
or As2S3 are less clear-cut. Dithiolterephthalic acid and As203 
in refluxing benzene gave an extremely insoluble yellow powder 
whose microanalysis suggests impure arsenic (III) p-( thiocar-
boxy) thiobenzoate, As(SOCC6 H4COSH)s. There was no evi-
dence for the formation of the expected arsenic( III) dithioter-
ephthalate, As2 ( C8H 40 2S2 )s. Phthaloyl sulfide and As2Ss were 
inert toward each other. 
Thiolacetic acid and As20 3 reacted readily, but an attempt to 
isolate the expected arsenic (III) thioacetate yielded instead an 
evil-smelling, yellow oil. The odor and lachrymatory effect of 
2
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this product were identical with those of an authentic sample 
of acetyl sulfide. This result is consistent with an earlier report 
( 6) that thiolacetic acid reacts with sodium arsenite to give 
acetyl sulfide. 
EXPERIMENTAL3 
Reaction of thiolbenzoic acid with As2S3. A solution of 41.4 g. 
( 0.30 mole) thiolbenzoic acid in 100 ml. benzene was rapidly 
added to a magnetically stirred suspension of 12.3 g. ( 0.05 mole) 
yellow As2S3 in 100 ml. benzene in a 500-ml. round bottom flask 
fitted with a dropping funnel, a reflux condenser, and a heating 
mantle. The mixture was heated to boiling and refluxed 12 hours. 
The hot mixture was then filtered by gravity, and the precipitate 
was washed on the filter with 100 ml. petroleum ether (boiling 
at 90-120°) in small portions. The residue, consisting of As2S3 , 
weighed 9.45 g. ( 76.8% of the As2S3 used). The combined filtrates 
were chilled, giving 7.85 g. of rose-pink needles, m.p. 175-176°. 
Dilution of the filtrate with 100 ml. of petroleum ether and 
further chilling gave an additional 1.10 g., m.p. 172-183.5°, for 
a total yield of 8.95 g. ( 18.4%). Two recrystallizations from 
benzene gave fine, light-pink needles, m.p. 180-181°. 
Anal. Calcd. for arsenic(UI) thiobenzoate, AsC21H15 0 3S3 : C, 
51.85; H, 3.11; S, 19.77. Found: C, 51.83, 52.04; H, 3.14, 3.18; 
S, 19.40, 19.62. 
Reaction of thiolbenzoic acid with As203. A solution of 41.4 
g. ( 0.30 mole) thiolbenzoic acid in 100 ml. benzene was rapidly 
added to a magnetically stirred suspension of 9.81 g. ( 0.05 mole) 
As203 in a 500-ml. round bottom flask fitted with a dropping 
funnel, a Dean-Stark trap with a reflux condenser, and a heating 
mantle. The mixture was refluxed with stirring for three hours, 
then cooled to room temperature. The resulting purple slush was 
transferred to a Biichner funnel and filtered. The flask and resi-
due was rinsed with 200 ml. petroleum ether ( 60-120°) in small 
portions. The pale rose-pink prncipitate weighed 41.95 g. and 
melted at 177-177.5°. The chilled filtrates gave an additional 
1.13 g., m.p. 173-176°, for a total yield of 43.18 g. (88.8%). Two 
recrystallizations from benzene gave fine, light-pink needless, 
m.p. 180-181 °. 
Anal. Calcd. for arsenic(III) thiobenzoate, AsC21H150 3S3 : 
C, 51.85; H. 3.11; S, 19.77. Found: C. 52.36, 52.73, 52.73; H. 3.24, 
3.17, 3.17; s, 19.11. 
3 All thiolacids used in these studies were technical grade'. Melting points were 
determined with an "Electrothermal" melting-point apparatus. Microanalyses were 
done by Midwest Microlab, Inc., Indianapolis, Indiana. 
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Reaction of arsenic(III) thiobenzoate with aniline. To 0.4865 
g. ( 0.001 mole) arsenic (III) thiobenzoate in an eight-inch test 
tube was added a solution of 0.279 g. ( 0.003 mole) aniline in 
10 ml. benzene. A reflux condenser was attached, and the mixture 
was heated on a steam bath. After refluxing seven minutes, the 
mixture suddenly turned bright yellow and became cloudv. A 
strong odor of hydrogen sulfide was noted at the same time. 
After 15 minutes of refluxing, the hot mixture was filtered. Very 
little of the precipitate of As2S3 was retained by the filter. Ad-
dition of 5 ml. petroleum ether to the cooled filtrate gave a 
yellow-tinted crystalline precpitate, m.p. 152-154 °, mixed m.p. 
with authentic benzanilide (m.p. 160-161°), 156-158°. Since 
most of the by-product As2S3 was coprecipitated with the pro-
duct, the yield was not determined. 
Attempted reaction of arsenic(III) thiobenzoate with ethanol. 
A mixture of 9.72 g. arsenic(III) thiobenzoate and 100 ml. com-
mercial absolute ethanol was refluxed with stirring for three 
hours in a 250-ml. round bottom flask. During the reaction time 
the color of the insoluble material changed from light pink to 
orange. Filtration of the chilled reaction mixture gave a bright-
orange, crystalline powder which melted at 175-178° to a rose-
pink liquid, and which did not depress the melting point of 
arsenic (III) thiobenzoate. The recovery was quantitative. Re-
petition of this experiment with the addition of 5 ml. of pyridine 
as a catalyst resulted in 92.9% recovery of the arsenic(III) 
thiobenzoate. 
Reaction of dithiolterphthalic acid4 with As20 3 • In a mortar 
were ground together 12.5 g. 95% dithiolterephthalic acid ( 0.06 
mole) and 3.96 g. (0.02 mole) As20 3 . The mixture was trans-
ferred to a 250-ml. round bottom flask, 125 ml. ben.zene and a 
stirrer slug were added, and a Dean-Stark trap and a reflux 
condenser were attached. The mixture was refluxed with stirring 
for 45 minutes, at the end of which time, the stirrer was clogged 
with a hearvy, light-yellow precipitate. The mixture was cooled 
to room temperature and filtered, giving 8.78 g. of pale-yellow 
powder with a thiolacid odor. This material sintered to an 
orange clinker at about 275°. Except for darkening of color, no 
further change was noted up to 330°. The golden-yellow filtrate 
was heated to boiling, 25 ml. toluene was added, and the solution 
was chilled, giving 0.87 g. of bright yellow powder, m.p. 272-275° 
with decomposition. An additional 1.03 g. of the same material 
was obtained by concentration and chilling of the filtrate. 
Anal. Calcd. for arsenic (III) p- ( thiocarboxy) thiohenzoate, 
" The author is grateful to Evans Chemetics, Inc., for their generous gift of a 
sample of dithiolterephthalic acid. 
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AsS24H150 6S6: C, 43.24; H, 2.27; S, 28.86. Found: C, 48.26; 
H, 2.17; S, 28.27. 
Repeated extraction of this product with boiling toluene left a 
yellowish powder, m.p. 273-275° with decomposition. 
Anal. Calcd. for arsenic( III) p-( thiocarboxy )thiobenzoate, 
AsC24H150 6S6: C, 43.24; H, 2.27; S, 28.86. Found: C, 45.62; 
H, 2.24; S, 28.03. 
Attempted reaction of phthaloyl sulfide with As2S3 • Phthaloyl 
sulfide was prepared by a published method ( 7). A mixture of 
24.6 g. (0.15 mole) phthaloyl sulfide and 12.3 g. (0.05 mole) 
yellow As2S3 was ground in a mortar and transferred to a 500-ml. 
mund bottom flask. A stirrer slug and 200 ml. xylene were added 
to the flask and the mixture was refluxed with stirring for three 
hours. The hot mixture was filtered through a fluted filter, giving 
recovery of 12.3 g., or 100%, of the As2S3 • Evaporation of the 
filtrate under reduced pressure also gave quantitative recovery of 
the phthaloyl sulfide, m.p. 113-114° either alone or when mixed 
with authentic phthaloyl sulfide.5 
Reaction of thiolacetic acid with As20 3 . In a 500-ml. round 
bottom flask were placed 9.81 g. ( 0.05 mole) As20 3 , 22.8 g. ( 0.30 
mole) thiolacetic acid, and 200 ml. benzene. A Dean-Stark trap 
and reflux condenser were attached, and the mixture was re-
fluxed with stirring for 12 hours. The mixture was cooled to 
room temperature and filternd, giving 10.6 g. of a golden-yellow 
powder, m.p. 310-312°. This product was probably As2S3, and 
re:pTesents an 86.2% conversion from the As20a. Concentration 
of the filtrate gave a deep-yellow, oily liquid with a foul odor 
and a strong tear-gas effoot. The color, odor, and lachrymatory 
properties were similar to those of authentic acetyl sulfide 
( W ail:eree Chemical Co.). 6 
Infrared absorption spectra. The infrared absorption spectra of 
arsenic( III) thiobenzoate, As20 3 , and As2S3 were determined 
with a Beckman lR-5 Spectrophotometer. All substances were 
used in KBr pellets. 
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Separation of Cardiac Glycosides by 
Thin-Layer Chromatography 
B. J. WHITE1 AND DENNIS 0ETH 
Abstract. Two structurally similar cardiac glycosides, 
digoxin and digitoxin, and their aglycones, digoxigenin and 
digitoxigenin, were separated by thin-layer chromatography 
using glass plates coated with silica gel H. Of 50 solvent 
systems tried, 15 were found to effect excellent separation of 
digoxin and digoxigenin. Separation of digoxin and digitoxin 
and their respective aglycones was achieved with three 
solvent systems. Spots were visualized with meta-dinitroben-
zene sodium hydroxide sprays. The lower limit of detection 
was 10 micrograms of glycoside per square centimeter. This 
method of separation should prove significant in identifying 
drug metabolites and determining toxicity levels of cardiac 
glycosides. 
HISTORY 
The cardiac glycosides, known commonly as digitalis, are 
steroids with sugar components that give them an unique effect 
on the heart of living organisms. These potent structures are im-
portant medically as some of the most respected and useful 
drugs in the medical armament against disease. 
Cardiac glycosides have long been used, both for their bene-
ficial and toxic effects. As early as 1500 B.C., there have been 
accounts of the Egyptians using these compounds for herb 
tnedicines. The Romans knew of their diuretic and emetic 
qualities, and the potent cardiac active drugs have been notori-
ously used as arrow poisons by natives throughout the ages. 
Not until William Withering, an English physician, published 
his text on the effects of digitalis in 1785 was much scientifically 
known about these compounds ( 1). His work, called An Account 
of the Foxglove and Some of Its Medicinal Uses: With practical 
remarks on dropsy and other diseases, contained standard prep-
arations for digitalis and discussed its effects on such diseases 
as dropsy and edema. He was not sure that it worked specifically 
on the heart muscle, but Withering was well aware of its effects 
on problems stemming from congestive heart failure. · 
Today, these drugs stand out in the physician's repertoire of 
1 Department of Chemistry, Loras College, Dubuque, Io~a 
6
Proceedings of the Iowa Academy of Science, Vol. 73 [1966], No. 1, Art. 16
https://scholarworks.uni.edu/pias/vol73/iss1/16
